C ardiovascular disease (CVD) is the leading cause of death worldwide. 1 Although communicable diseases such as HIV infection and malaria currently account for the majority of years of life lost in Africa, 2 CVD is the leading cause of death among adults >30 years old, and the burden of CVDs is projected to double between 2005 and 2030. 3, 4 The CVD burden is already increasing rapidly in many African countries. 5 There are health system challenges in Africa that hinder effective chronic CVD care. 6 Research is an integral component of designing a systems response to the CVD epidemic, 7 yet the health research necessary to guide effective policies for CVD prevention and treatment in Africa is lacking. [8] [9] [10] Evaluating CVD research production over time is 1 mechanism to assess whether local research output matches the health needs of the population and ultimately leads to better patient outcomes. Bibliometrics is a research method to quantitatively evaluate scientific literature and measure trends in research output over time. 11, 12 The scope of prior bibliometric research in Africa has been limited to a few health disciplines and lacks country-level comparisons or objective measures of influence in the literature. [13] [14] [15] Much of this prior research analyzing research production has been country-, hospital-, or journal-specific. [16] [17] [18] Collaboration with foreign countries on research publications is also common in Africa and can lead to higher-impact publications. 16, 19 In addition, limited resources and the burden of communicable diseases may lead to a false dichotomy between directing attention and resources to, for example, HIV and CVD. 20 Our objective was to evaluate trends in cardiovascular research publications in Africa disaggregated by country from 1999 to 2008 and the relative importance of these publications as measured by average number of citations per paper. An additional aim was to compare cardiovascular research publications against measures of country-level development and burdens of CVD and HIV.
Methods Data Selection
We used a cardiovascular bibliometric filter with demonstrated >90% recall and precision to retrieve all biomedical A B Figure 1 . Trends in fractional cardiovascular publications by World Bank income group (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) . Africa and world income groups' cardiovascular publications were retrieved from Thomson Reuters Web of Knowledge according to year. A, The upper panel displays the range of cardiovascular publications per year from zero to 50 000, which best displays the range of cardiovascular publications for high-income Organization for Economic Cooperation and Development (OECD) and other upper-middle-income countries. B, The lower portion of the graph displays the range of cardiovascular publications from zero to 1000 per year, which displays the range of publications for Africa, other high-income non-OECD, other lower-middle-income, and other low-income countries.
publications, including articles, reviews, and conference proceedings, published between 1999 and 2008 from Thomson Reuters Web of Knowledge and an address-based filter to identify biomedical research publications as previously described. 12, 21 We analyzed publications from African as well as non-African countries. Precision represents the proportion of filter output considered to be cardiovascular research, while recall represents the proportion of known cardiovascular research that the filter identifies. Testing was undertaken and results were interpreted by 2 coauthors who are cardiovascular research specialists (G.S.B., M.D.H.). Testing included reviewing random samples of 400 titles of publications drawn from the filter output mixed with 100 titles of publications from cardiovascular departments. The tester was asked to decide whether titles represented cardiovascular research publications. Iterative amendments were made to the filter, which included inclusion or exclusion of keywords or headings based on the tester's responses. Full details of the bibliometric filter creation, testing, and application has been published.
12
After removing duplicates, we merged this output with the corresponding citation report from the Web of Knowledge for each publication and calculated 5-year citation count postpublication (total citations 5 years postpublication, including the year of publication) to provide comparable citation estimates over time through 2012. We included all unique records with matched citation counts and author addresses. For each publication, we determined authorship by country as both integer and fractional address counts from reported addresses. Integer counts assign an equal count of 1 to each country contributing to a publication, whereas fractional counts assign a weighted value summing to 1 based on the total number of addresses and proportion from each country. Fractional counts can be added over time and reflect better the relative contribution of countries. Neither integer nor fractional counts were weighted by author position, corresponding author, or reprint address.
Publication data were aggregated by year and country for total number of cardiovascular publications authored (by integer and fractional count), and total number of 5- 
Statistical Analysis
To provide comparable estimates and avoid overestimation of contributions, we conducted all analyses using fractional publication counts and further adjusted 5-year citation counts by fractional counts. We determined annual changes in fractional cardiovascular publication output by country, region, and all of Africa using linear regression models with a baseline (year 0) of 1999. Models were replicated using 5-year citation counts (adjusted for fractional contribution) to determine trends in citation indices. For comparison, models of fractional cardiovascular publications and adjusted 5-year citation indices were also created by World Bank income group among countries outside of Africa. Coefficients from linear regression models are interpreted as annual change. We created aggregated fractional publication counts by country from 1999 to 2008 to model the association of CVD and HIV mortality with cardiovascular research output. We explored the association through a univariable linear regression model of CVD mortality as an independent predictor of fractional publications. We additionally adjusted our univariable model for either HIV mortality as an independent predictor, or the ratio of CVD to HIV mortality. All statistical analyses were performed with SAS version 9.3 (SAS Institute, Cary, NC).
This study was exempted from ethics review by the Northwestern University Institutional Review Board.
Results
We retrieved a total of 456 120 publications from 1999 to 2008 from the Thomson Reuters Web of Knowledge as reported in a prior publication on global cardiovascular research output. 12 After we removed duplicates and matched records with citation reports, we included 430 712 publications with complete information in the present analysis. Overall, the number of cardiovascular publications retrieved increased over time, from 37 849 publications in 1999 to 54 459 in 2008. Figure 1 shows the trend in number of fractional cardiovascular publications globally from 1999 to 2008. Africa (n=52 countries) had more cardiovascular publications than other low-income countries (n=9) (lower panel) but fewer than all other World Bank income groups in 1999 (upper panel). There was an increase in the number of publications from Africa, particularly after 2005. The estimated annual increase in the number of cardiovascular publications for Africa was 18 (95% CI: 7, 29), which was comparable to other high-income non-OECD countries (24 [95% CI : 17, 31] ) and greater than other low-income countries (1 [95% CI: 1, 2]). The annual increase in the number of cardiovascular publications for the rest of the world is shown in Table 1 . Table 2 shows the trend in percentage of DALYs due to CVD for the top 15 countries in Africa (2002, 2004 , and 2010) compared with the percentage of biomedical research related to CVD between 1999 and 2013. There was a slight increase in Table 3 shows the number of cardiovascular publications, 5-year citation counts, and estimated annual change for 5 regions in Africa between 1999 and 2008. The Northern and Southern African regions had the greatest number of publications during this period (n=904 and n=877, respectively), which was mostly accounted for by South Africa (n=872), Egypt (n=393), Morocco (n=182), and Tunisia (n=264) ( Table 4 (Table 4) . Most countries in Africa (87%, 45 of 52) had at least 1 year when the 5-year citation index per cardiovascular publication was zero due to lack of or very few publications, and 12 (23%) had no citations within 5 years of publication in any year from 1999 to 2008 (Table 5 ). In 2008, there were 2500 citations to cardiovascular publications from Africa. More than 85% of these citations were of cardiovascular publications from South Africa (1261), Egypt (563), Tunisia (229), and Nigeria (148). The relationship between the number of cardiovascular publications and disease-specific mortality rates is available in Figure 4 . Northern and Southern Africa predominated as the 
Discussion
In this study, we report the numbers and trends in cardiovascular research output from 52 countries in Africa from 1999 to 2008. There are a number of relevant findings. First, African countries had fewer publications than most other income-group nations of the world, but the overall trend in number of publications over time was similar to high-income non-OECD nations. Second, despite an increase in DALYs due to CVD over time, there is an inconsistent relationship between CVD burden and cardiovascular publications. Third, there are important regional differences. More than 85% of the cardiovascular publications from Africa during this time were from Southern, Northern, and (to a lesser degree) Western Africa. Fourth, in terms of publication influence, 45 of 52 countries had at least 1 year when the 5-year citation index was zero due to lack of or very few publications. Related to this, citations of publications with some African authors represent <1% of global cardiovascular research citations. Lastly, for the same CVD burden, countries with greater HIV mortality tended to have fewer cardiovascular publications, which signals a relationship between competing public health and research priorities.
Comparison With Prior Research
Our findings are consistent with previous research showing a dearth of CVD research publications from sub-Saharan Africa (SSA). Hofman and colleagues found that CVD accounted for <10% of the research publications from most countries in SSA between 1995 and 2004. 22 There has been, however, an increase in cardiovascular research publications from Africa over time. According to a recent global research report, the Southern and Northern African regions had the greatest volume of published papers from 1999 to 2008, led by South Africa and Egypt. 14 Gondwe and colleagues demonstrated a similar trend of increasing publications in Malawi, with a 103% increase in the number of articles published from 1996 to 2006. 16 These authors also suggested that the main contributors to this publication growth were foreign researchers residing in Malawi, and further analysis to assess the degree to which this phenomenon is occurring in Africa as a whole is warranted.
Regional Differences
Most cardiovascular publications from Africa were from the Northern and Southern regions. Northern Africa is home to the 2 oldest degree-awarding universities in the world (University of Al-Karaouine in Morocco, est. 859, and AlAzhar University in Egypt, est. 970 or 972), which highlights the longstanding influence of academia in the region. According to the Association of African Universities (www.aau.org), Northern and Southern Africa are also home to a substantial number of universities on the continent. Other factors contributing to the small numbers of cardiovascular publications from other regions are human capital flight (or "brain drain"), political instability, and armed conflict, which would tend to decrease the overall number of publications from a country and affects regions unevenly. Human capital flight is particularly a problem for Africa, given that 1 in every 9 tertiary-educated persons born in Africa resides in OECD countries. 23 Eastern and Middle Africa suffer from the highest emigration rates to OECD countries. Retaining African researchers in Africa increases overall research production from Africa, and this may be 1 method to foster more cardiovascular publications. 24 Within SSA, cardiovascular publications were low in the Eastern, Middle, and Western regions relative to Southern Africa. South Africa was the major contributor to cardiovascular publications from Southern Africa. These differences across SSA are likely related to the higher level of economic development in South Africa-an upper-middle-income country-relative to most of the other countries that produced cardiovascular publications in the region. Regional economic diversity impacts cardiovascular publication outputs in other regions of the world as well. 25 Related to these economic differences, within SSA national investment in biomedical research is greatest in South Africa. 26 As a result, South
Africa accounts for most of the relationship between cardiovascular publications and death rate as illustrated by the weaker association after excluding South Africa from this analysis. The dearth of cardiovascular research outputs in Eastern, Western, and Middle Africa stands in contrast to the rising burden of cardiovascular disease and its risk factors as demonstrated in national and community-based studies. [27] [28] [29] Hypertension, alcohol use, low fruit and vegetable intake, and (in Western and Middle Africa) diabetes appear to be the most common cardiovascular risk factors. 30 In addition to the aforementioned factors for low cardiovascular research output from these regions, HIV and other endemic conditions have dominated the biomedical research landscape. 31, 32 Taken together, these regions' low cardiovascular research outputs and rising burden of cardiovascular and other noncommunicable diseases uncover subregions in Africa where the need for attention to cardiovascular research may be greatest.
Investment in Research and Cardiovascular Publications
The 4 countries producing the most cardiovascular publications in the present analysis (South Africa, Egypt, Tunisia, and Nigeria) were also in the top tiers of GDP and publication output alongside Algeria and Kenya in a previous report. health-funding target and most countries maintained or even reduced the level of health expenditure. 34 While these issues pose a challenge for overall research production, investment specifically in cardiovascular research suffers an additional blow. The agenda for health research in Africa has focused mainly on communicable and acute conditions, which has resulted in little CVD research investment, 20, 35 despite projections that CVD will be the main public health problem on the continent by 2030 as a result of an increase in CVD risk factors. 1, 36 Our data show that the number of cardiovascular publications in Africa has a weak relationship to the CVD burden and is further attenuated when compared with the CVD/HIV death rate. In Northern Africa, the recent increase in DALYs stands in contrast to the decrease in proportion of biomedical research devoted to cardiovascular diseases. Despite the numerous burdens of disease in Africa and the substantial projected increase in cardiovascular morbidity in the near future, CVD research has received scant attention. We agree with, and our findings support, calls for more investment in research that is being performed in Africa and led by African researchers to gain an understanding of the evolving spectrum of CVD on the continent and to plan and implement interventions appropriate for the national context. 5, 8, 37 The strengths of this analysis include development and iterative testing of a cardiovascular bibliometric filter with a high level of precision and recall and a long study period with a large number of publications and citations downloaded to evaluate trends over time. There are a number of limitations, however, that should be considered. First, our analysis was conducted on publications indexed in the Thomson Reuters Web of Knowledge and may not represent all cardiovascular publications from countries in Africa where national or regional cardiovascular journals may be underrepresented. However, the Web of Knowledge is the largest bibliometric database currently available and provides standardized author address information for analyses like ours. Second, we used citation indices as a measurement of the influence of publications in the research field, which can underrepresent the actual effects that research results may have on overall health in a particular country. 38 Journal citations are only 1, limited measure of the relative importance of a research article to inform practice and improve care, though they are used widely for comparison across (and within) journals. 39 Third, countries with few cardiovascular research publications had unstable measures of fractional address count. Lastly, the exploration of relationships between country income status, cardiovascular research publications, and measures of disease burden and development are susceptible to reverse causality or potential confounding.
Conclusions
Despite the increases in CVD burden in Africa, the amount of cardiovascular publications currently being produced is among the lowest in the world and is out of proportion to the disease burden in many countries. A few countries in Northern and Southern Africa produce orders-of-magnitude more cardiovascular publications than most others. Institutions and governments should allocate funds for regional and international projects to improve cardiovascular-scientific outputs. Cardiovascular research is important for Africa, especially as it relates to improving clinical care, reducing human capital flight, and developing locally relevant approaches to sustaining cardiovascular health. 
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